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the Bureau of Mines and the pycnometer Lis essentially 
the same type of instrument as that  devised by Dr. 
J. A. Culler, Miami University, 1908. The pycnometer 
is calibrated by weighing it filled to  the etch mark with 
air-free distilled water a t  60” F. The dry pycnometer 
is filled above the etch mark with gasoline. It is 
placed in a water bath a t  60’ F. The excess gasoline 
is removed by a roll of filter paper. The instrument is 
dried and weighed.l From the weight of gasoline and 
water the gravity of the gasoline is computed. 

Results of tests with 80’ BB. gasoline show that  the 
above methods have an accuracy of 0.5’ BB. The 
objection to  the use of the method is evaporation of the 
volatile liquid during the process of weighing. The 
objection to  the use of the cylinder (Fig. 4) is the error 
in reading. The presence of heavy gasoline vapors in 
such a cylinder would also introduce error. 

COMMENTS ON TESTS 

Attention is called to  the apparent inconsistency of 
the gravity of the gas and the yield of gasoline.2 Pre- 
liminary tests on the absorption method with IOO cc. 
of gas and 3 5 cc. of mineral seal oil3 seem to show a more 
definite relation to yield of gasoline obtained with the cu. 
f t .  absorber, the tests having been conducted on gases 
in one field. However, there is not enough information 
on hand to  state this definitely. 
DISTILLATION OF 100 Cc. OF GASOLINE RECOVERED FROM Cu. FT. ABSORP- 

TION TESTS, USING THE ENGLER FLASK 
Per cent of Temperature 

Distillate Range-Deg. P. 
0-10 x2-11-15 

16-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-76 

_ _  _ _ _  
105-120 
120-134 
134-140 
140-173 
173-196 
196-228 
228-300 

Residue in Flask = 3 Per cent. Loss in Distillation = 21 Per cent. 

There are some objectionable features to  the use of the 
method just described. The absorber is rather bulky. 
This objection could be overcome by changing the 
size of absorber and working under pressure, providing 
the absorber is made rigid t o  prevent change in volume., 
Pressure could be obtained with a small pump, which 
could be used also t o  force oil into the absorber. 

If the absorber were fitted with a removable close- 
fitting end, i t  could be used as a case for other instru- 
ments. Another objection which would apply to  all 
laboratory methods is that  yields reported on a well 
would be lower than those which would be obtained 
after the well was put under reduced pressure. How- 
ever, it  happens that  an increase in quantity of gasoline 
from a given well due to  reduced pressure causing an 
increase in yield of gasoline per thousand cubic feet of 
gas is compensated t o  some extent by a decrease in 
volume of gas. 

Preliminary tests indicate that alcohol may be used 
as the absorbing medium instead of mineral seal oil and 
the separation of the gasoline and alcohol made by 
dilution with an equal volume of water. 

1 “The Analytical Distillation of Petroleum,” by W. F. Rittman and 

1 “The Condensation of Gasolinefrom Natural Gas,” Bureau of Mines, 

* “Methods of Testing Natural Gas for Gasoline Content.” Bureau of 

E. W. Dean, Bureau of Mines, Bulletin 186, 27. 

Bulletin 88, 45. 

Mines, Technical Paper 87. 
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The cubic foot absorber is intended especially for 
casing-head gas testing and has been found t o  give 
trustworthy results. When the method is used for 
testing natural gas of lower gasoline content the results 
are less accurate. 

The above tests and tests by others indicate that the 
practical absorber for testing natural gases for gasoline 
content would consist of small unit absorbers grouped 
in series. A testing outfit in which absorbers and meter 
were made of aluminum could be carried by one man. 
Preliminary tests a t  atmospheric pressure with an out- 
fit built on this principle and consisting of a four-unit 
series absorber resulted in 85-90 per cent recovery of 
gasoline from a natural gas having a yield of 1.4 pints 
per thousand cubic feet of gas. 

THE OHIO FUEL SUPPLY COMPANY 
HOMER, OHIO 
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The subject of the valuation of lime for various 
purposes is one which has received very little attention 
in the scientific press. The methods of analysis have 
been very carefully worked out but these all follow the 
standard procedure for the analysis of silicate and car- 
bonate rocks, and required nothing more than the 
application of well-known gravimetric separations and 
volumetric titrations. The methods differ in no es- 
sential from those employed in the analysis of any 
calcium mineral or artificial product decomposable by 
acid and containing the same elements as lime. Out- 
side of the analytical methods, very little has been 
published on the testing of lime. The standard text- 
books contain nothing other than analytical methods 
and in even the special works on calcareous materials 
little attention is paid to  the subject. I n  some treatises 
on the manufacture of certain products in whose 
elaboration lime is used, there are given special methods 
for the analysis of lime t o  be used in this art.  The 
American Society for Testing Materials has drawn up 
specifications, but these latter are little more than a 
classification of various kinds of lime and could hardly 
be used to  control the general purchase of lime as, for 
example, are the cement specifications of the same 
organization. 

The difficulty with lime is that  i t  is not only a 
building material but it is also an important raw 
material in many industries, notably the chemical and 
metallurgical ones. The requirements are quite differ- 
ent in these various industries and the qualities which 
the builders ask of the lime are quite different from 
those needed by the chemical manufacturer. 

Even here again the qualities necessary in one class 
of building lime are not required in another, while 
in one chemical process one kind of lime is required 
and in another an entirely different sort of product 
is necessary. Generally speaking, the building trade 
is most interested in color, plasticity and possibly 
strength; while the chemical manufacturer wishes 
purity from carbon dioxide, silica and the oxides of 
iron and alumina, and to have either a high or low 
content of magnesia as the process may require. 
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Unfortunately there are no standards of physical 
properties and the builder grades his lime largely by 
means of experience. N o  color scheme or standard 
grade of color has yet been devised nor are there even 
any methods which are generally accepted as reliable 
for testing plasticity. On the chemical side of the 
question, however, much more has been done, as I 
have said, and a t  the larger chemical works quite re- 
liable methods are employed for the valuation of the 
lime which they employ. A t  many of the smaller 
works, however, very crude methods of analysis are 
employed. I t  is the purpose of this paper t o  outline 
the met hods most generally employed for the chemical 
analysis of lime. N o  originality is claimed for these 
methods on the part of the writer and whenever their 
source could be traced credit has been given. The 
object of the paper is rather t o  collect these methods 
in one place where they will be generally accessible 
to the chemist interested in lime, 

By way of introduction it may not be amiss t o  give 
the various more important uses of lime in the arts, 
the classification of limes according t o  chemical com- 
position, etc., and to  designate the properties which 
lime should possess to  be acceptable in each industry. 

The standard specifications of the American Society 
for Testing Materials (Report of Committee C-7 for 
1915)  divide lime into two grades: 

( a )  Selected-Shall be well burned, picked free from 
ashes, core, clinker or other foreign material. 

( b )  Kua-of-Kiln-Shall be well burned, without 
selection. 

Quicklime is shipped in two forms: 
(a )  Lump Lime-Shall be kiln size. 
( b )  Pulverized Lime-Shall be reduced in size t o  

Quicklimes are divided according to  their chemical 

( a )  High Calcium (c) Magnesium 
( b )  Calcium ( d )  High Magnesium 
The following chemical limits are prescribed by the 

CLASSIFICATION OF LIME 

pass a ?/,-in. screen. 

composition into four types: 

specifications above referred to:  
TABLE I-CHEMICAL COMPOSITION 

HIGH- HIGH- 
CALCIUM CALCIUM. MAGNESTAN MAGNESIAN 

Run- Run- Run- Run- 
Se- of- Se- of- Se- of- Se- of- 

lected Kiln lected Kiln lected Kiln lected Kiln 
Per Per Per Per Per Per Per Per 

cent cent cent cent cent cent cent cent 
Calcium Oxide. . . . . .  
Magnesium Oxide. . .  
Calcium Oxide -I- 

Magnesium Oxide 
Carbon D i o x i d e  

(max.) . . . . . . . . . . .  
Silica + Alumina + 

Oxide of Iron 
(max.) . . . . . . . . . .  

85-90 

90 

3 

5 

85-90 

85 

5 

7 . 5  

90 
(min . .  
90 

3 

5 

.) 
90 

(min.) . .  
85 

5 

7 . 5  

. * ., 
10-25 

9 0  

3 

5 

. . . . .  
10-25 25 

(min 

85 9 0  

5 3  

7 . 5  5 

. .  
25 

(min.) 

85 

5 

7 .5  

Hydrated lime takes the same chemical classifica- 
tion as the lime from which i t  was made. 

USES O F  LIME 

I n  the building trade, lime is used for three important 
purposes: ( I )  Mixed with sand as a bonding material 
in laying brick and stone; ( 2 )  for plastering; and (3 )  
hydrated and mixed with Portland cement to  confer 

certain properties to  mortars of the latter, such as 
plasticity and imperviousness to  water. 

As I have said, the suitableness of a lime for building 
purposes depends entirely on physical properties, 
although these in turn are, of course, affected by chem- 
ical composition. For all of the above purposes a 
lime may belong to  any of the grades referred t o  above. 
For bonding brick and stone, the important qualities 
of lime are the sand-carrying capacity, the crushing 
strength and tensile strength. For plastering, se- 
lected lump lime or hydrated lime is employed. Good 
color and plasticity are, of course, important in lime 
for this use. The lime must not “pit” or “pop” and 
must not give too great change of volume during 
setting-the quicker the latter the better, also hy- 
drate must be thoroughly hydrated in addition to  the 
foregoing properties. Magnesian or dolomitic limes 
are generally considered preferable to  calcium limes 
for plastering. 

For use with Portland cement, very impure and off- 
color hydrate may be successfully employed. Here 
the fineness and completeness of hydration are most 
important. 

The tests ordinarily employed for building limes, 
therefore, are those for chemical composition, sand- 
carrying capacity, crushing strength, tensile strength 
and setting time. Hydrated limes in addition are 
subjected to  tests for fineness and constancy of volume. 

Large quantities of lime are used in agriculture 
both in the form of quicklime and hydrated lime. 
Some authorities claim that  only calcium lime should 
be used for this purpose, while others contend that  
magnesium and dolomitic limes are just as efficient. 
The question may, therefore, be considered an open 
one, depending usually on the attitude of the agri- 
cultural department of the state in which the lime is 
sold. Generally speaking, the cheapest grades of 
lime are used for fertilizer, as color and physical prop- 
erties need not be considered and chemical impurities 
are only undesirable as they detract from the amount 
of calcium oxide present. The value of lime for fertil- 
izer depends entirely on the cost per unit of calcium 
oxide (or calcium and magnesium oxide if the latter 
is considered equivalent t o  the former). For con- 
venience in applying, ground lime is t o  be preferred 
to lump lime, while hydrated lime owing t o  its extreme 
fineness is t o  be preferred to  either lump or ground 
lime. 

Many sprays used for trees and plants are prepared 
from lime. For this latter purpose the value of the 
lime depends entirely on the percentage of free calcium 
oxide which it contains. Magnesia is of no value here. 

In  the manufacturing arts, what is wanted in all 
cases is a very pure lime, and the value of the latter 
depends entirely on the percentage of active or quick- 
lime in the latter, that  is, the uncombined calcium oxide 
(sometimes calcium and magnesium oxides combined). 
I n  the manufacture of caustic soda and of sugar, 
magnesia is considered harmful. Following is a list 
of the more important chemical industries in which 
lime is employed and the class of lime employed by 
each. 
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SODA ASH produced by the “Solvay” or ammonia 
process. A high-calcium lime must be employed and 
impurities are undesirable aside from their lowering 
the unit contents of lime. The valuable content of 
the lime is the free calcium oxide. 

CAUSTIC SODA produced by “causticizing” soda ash 
with lime. The requirements for lime are the same as  
in the manufacture of soda ash. 

AMMONIA-Requirements for lime are the same 
as in the manufacture of soda ash. 

POTASSIUM DICHROMATE-ReqUirementS are the same 
as for soda ash. 

ments are the same as for lime used for caustic soda. 
CALCIUM CARBIDE-Magnesia and impurities are 

decidedly objectionable and the lime should be very 
well burned and as pure as possible. The valuable 
content is the free calcium oiide. 

BLEACHING POWDER-Magnesia should be as low 
as possible. Impurities are objectionable as they 
lower the quality of the powder. The valuable con- 
stituent of the lime is thefree calcium oxide. 

CALCIUM CYANIDE-PUre high-calcium lime is de- 
sired, the value depending on the quantity of free 
calcium oxide present. 

CALCIUM ACETATE (ACETATE OF LIME)-valUe of 
lime for this purpose depends solely on the percentage 
ofhfree calcium oxide. Magnesia and impurities of 
themselves do no harm. 

TRIES-Requirements are same as for calcium acetate. 

are the same as for calcium acetate. 

ments are the same as for calcium acetate. 
suGAR-Pure high-calcium lime is required. Mag- 

nesia and silica cause trouble in the process and should, 
therefore, be present only in small quantities. The 
valuable constituent is free calcium oxide. 

LEATHER-FOr tanning, free calcium oxide is the 
valuable constituent. Iron oxide is objectionable as 
it causes stains. 

SAND LIME BRICK-A pure high-calcium lime is 
desired. Impurities are not objectionable of them- 
selves. Magnesia should not be very high. If 
hydrate is employed i t  must be completely hydrated. 

PAPER AND PULP B Y  THE SULFITE PRocEss-Require- 
ments are for a high-magnesium or dolomitic lime. 
Impurities are only objectionable as they detract from 
the quantity of the free oxides of calcium and mag- 
nesium present, the two latter- being the valuable 
constituents. 

MAGNESIA-DOlOmitiC limes alone are required for 
the purpose and the value depends solely on the per- 
centage of free magnesium oxide present. 

GLASS-Both high-calcium and high-magnesium limes 
are used. The oxide of iron should be low but  other 
impurities are immaterial. 

COLD WATER PAINTS-Hydrated lime is employed 
and fineness and color are the main requirements. 
Chemical composition is unimportant. 

METALLURGY-Both high-calcium and high-mag- 

PAPER A N D  PULP B Y  THE SODA PROCESS-Require- 

GLYCERINE, LUBRICATING GREASES A N D  F A T  INDUS-  

PURIFICATION O F  ILLUMINATING GAS-Requirements 

PURIFICATION AND SOFTENING O F  WATER-Require- 

nesium limes are employed. Impurities are objection- 
able only when present in large quantity. Generally 
speaking, the lime should be burned much harder than 
usual for this use. 

PHYSICAL TESTS 

The only physical tests of lime for which standard 
methods are available are those for determining (I)  t h e  
proper or normal consistency of lime paste, for which 
purpose the Chapman apparatus is now pretty gener- 
ally employed, (2) the percentage of waste in quick- 
lime and (3) the  fineness and constancy of volume of 
hydrated lime. For conducting these latter tests, 
the standard specifications of the American Society 
for Testing Materials prescribe the procedure. These 
same rules also instruct as to  sampling. Their direc- 
tions are as follows: 

SAMPLING QUICKLIME-when quicklime is shipped in bulk, 
the sample shall be so taken that it will represent an average of 
all parts of the shipment from top to bottom, and shall not 
contain a disproportionate share of the top and bottom layers, 
which are most subject to changes. The samples shall com- 
prise at least IO shovelfuls taken from different parts of the ship- 
ment. The total sample taken shall weigh at least IOO lbs. 
and shall be crushed to pass a I-in. ring, and quartered to pro- 
vide a 15-lb. sample for the laboratory. 

When quicklime is shipped in barrels a t  least 3 per cent of 
the number df barrels shall be sampled. They shall be taken 
from various parts of the shipment, dumped, mixed and sampled 
as specified above. 

All samples to be sent to the laboratory shall be immediately 
transferred to  an air-tight container in which the unused portion 
shall be stored until the quicklime shall finally be accepted or 
rejected by the purchaser. 

SAMPLING HYDRATED LIME-The sample shall be a fair average 
of the shipment. Three per cent of the packages shall be 
sampled. The sample shall be taken from the surface to the 
center of the package. A 2-lb. sample to be sent to the labora- 
tory shall immediately be transferred t o  an air-tight container, 
in which the unused portion shall be stored until the hydrated 
lime has been finally accepted or rejected by the purchaser. 

PERCENTAGE OF WASTE IN QmcKLIME-An average 5-lb. 
sample shall be put into a box and slaked, by an experienced 
operator, with sufficient water to produce the maximum quantity 
of lime putty, care being taken to avoid “burning” or “drown- 
ing” the lime. It shall be allowed to stand for 24 hours and 
then washed through a zo-mesh sieve by a stream of water 
having a moderate pressure. No material shall be rubbed 
through the screens. Not over 3 per cent of the weight of the 
selected quicklime nor 5 per cent of run-in-kiln quicklime shall 
be retained on the sieve. The sample of lump lime taken for 
this test shall be broken to all pass a I-in. screen and be retained 
on a 1/4-in screen. Pulverized lime shall be tested as received. 

FINENESS OF HYDRATED LIME-A 100-g. sample shall leave 
by weight a residue of not over 5 per cent on a standard IOO- 
mesh sieve and not over 0.5 per cent on a standard go-mesh 
sieve. 

CONSTANCY OF voI,uME-Eqpal parts of hydrated lime under 
test and volume-constant Portland cement shall be thoroughly 
mixed together and gauged with water to a paste. Only suffi- 
cient water shall be used to make the mixture workable. From 
this paste a pat about 3 in. in diameter and ‘/a in. thick a t  the 
center, tapering to a thin edge, shall be made on a clean glass 
plate about 4 in. square. This pat shall be allowed to harden 
24 hrs. in moist air and shall be without popping, checking, 
cracking, warping or disintegration after 5 hrs. exposure to 
steam above boiling water in a loosely closed vessel. 
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For the other physical tests for lime the methods 
employed for the most part are similar t o  those used 
in testing cement. As a matter of fact, however, such 
complete testing of lime is hardly ever done by the 
architect or engineer and about the only time tha t  a 
complete set of tests is made is in the case of a scientific 
investigation. One or two of the larger producers 
have made some extended tests of their product along 
scientific lines, and here and there an engineering 
organization has undertaken this work with a view to 
obtainhg information on the properties of various 
limes. The various government bureaus have also 
made and are constantly making elaborate tests. 
So far as we know, however, lime is not regularly in- 
spected and tested by any large user. 

The methods which are employed in such investi- 
gations are in general quite similar, as I have said, 
t o  those employed in testing cement although the de- 
tails for the most part  differ with each operator. The 
first step is always t o  determine the proportions of 
lime and water which are necessary to  make a paste 
of standard consistency. This is now usually done 
by means of the Chapman apparatus. This apparatus 
is full57 described in the ProceediNgs of the  A m e r i c a a  
Society  f o r  Testing Materials ,  Vol. 13, p. 1045. This 
consists of a split cylinder of thin, hard rubber 
about 2 in. in diameter by 3 in. high, tapering slightly 
towards the bottom. When this is filled with paste 
and dropped a short distance (3 in.) the cylinder will 
spread and may be measured from the widening of 
the slit in the cylinder. Chapman considers 0.40 in. 
t o  be about the correct amount for a lime put ty  of 
normal consistency either with or without sand. All 
tests which are t o  be made of the lime should be made 
with a paste of the standard consistency as determined 
with this apparatus. 

For determining the crushing and tensile strength, 
a mortar consisting of standard lime paste and stand- 
ard Ottawa sand should be used, the proportions being 
lime paste of standard consistency equivalent t o  
one part  by weight of dry lime to  three parts of sand. 
The crushing test should be made on 2411. cubes and 
the tensile-strength test on the standard cement 
briquette. The specimens are, of course, stored in air 
and may be broken a t  any period, generally after 3 
months. 

For testing the sand-carrying capacity of lime, test 
pieces are made up employing varying proportions 
of standard lime paste equivalent t o  a definite quantity 
of dry lime and standard Ottawa sand. The test is 
made just as is the crushing test. 

The Vicat needle is used t o  determine the time of 
set and is employed as in cement testing. 

There is no very well-accepted method for testing 
hardness. Sometimes a sand blast is used. Very 
recently, however, the Bureau of Standards has been 
employing the following method: 1000 g. of BB lead 
shot are allowed t o  drop from a reservoir through a 
I-in. iron pipe 6 f t .  x  IO^/^ in. long on a mortar placed 
at an angle of 4 5 ”  with the vertical axis of the pipe. 
The loss in weight of the mortar due t o  the impact and 
wearing action of the shot determines the hardness. 
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Color can, of course, be obtained by comparison 
with known standards. These may be made by mixing 
any pure white powder such as ground calcite with 
definite amounts of brown coloring matter. There is 
no recognized standard, however. 

No satisfactory tests have been proposed for plas- 
ticity and about the only method of judging this is the 
purely empirical one of spreading over a surface by 
an experienced operator. 

DETERMINATION O F  EREE C A L C I U M  O X I D E  OR HYDROXIDE 

For determining the free calcium oxide in quick- 
lime or free calcium hydroxide in hydrated lime, 
the following methods are used in the laboratories of 
chemical manufacturers and in many instances the 
lime is bought on a unit basis as the result of this 
determination. 

This is the oldest and simplest method. Weigh 2 8  g. 
of the coarsely ground sample into a liter graduated 
flask containing about 2 5 0  cc. of recently boiled dis- 
tilled water. Boil for I O  min., close with a cork con- 
taining a 6-in. capillary tube and allow t o  cool some- 
what. Make up t o  the mark and mix well. Immedi- 
ately after mixing draw off 50  cc of the milk of lime and 
titrate a t  once with normal hydrochloric acid, using 
phenolphthalein as an indicator. Allow the flask t o  
remain some time t o  see if the pink color returns. For 
the percentage of free calcium oxide, multiply the 
number of cc. required by 2. 

I n  the case of hydrated lime cse a I .4-g. sample, place 
in an Erlenmeyer flask with 2 5 0  CC. of water and titrate 
the entire volume after boiling and cooling as above. 
I n  the case of quicklime the larger weight is necessary 
in order t o  get a proper average. The sample should 
be quickly ground and placed in a tightly corked bottle 
-never in a sample envelope. 

pany modify this method as follows: Weigh 1.4 g. 
of the carefully prepared and h e l y  ground lime into 
an 8-oz. assay flask, add about 80 cc. hot water, cover 
with a beaker, carefully heat and then boil for three 
minutes. 

Cool, remove cover, add 2 drops phenolphthalein 
and titrate with N HC1 adding the acid rapidly in a 
thin stream while shaking cocstantly to  avoid local 
excess of acid. Near the end drop in the acid rapidly 
while shaking until the pink color disappears. Note 
the reading but ignore any return of color. 

Repeat the experiment adding about 5 cc. less acid 
than before, call the number of cc. used “A.” Grind 
up any small lumps with the round end of a thick glass 
rod, transfer the pink mixture ’GO a 2 jo-cc. volumetric 
flask, dilute t o  the mark with distilled water, mix, let 
settle half an hour. 

Titrate IOO cc. slowly with phenolphthalein and 
N HC1 until colorless. Call this additional number of 
cc. used B.” Then, percentage of available calcium 
oxide = 2 A  + jB.  

BY TITRATION WITH OXALIC: ACID-Lunge in his 
“Technical Chemists’ Handbook” gives the following 
method for determining calcium oxide in quicklime: 

B Y  TITRATION WITH STANDARD HYDROCHLORIC A C I R  

SCAIFE METHOD-The chemists for the SCaife COm- 
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“Weigh IOO g. of an  average sample carefully taken, 
slake i t  completely, put the milk into a half-liter flask, 
fill up t o  the mark, shake well, take IOO cc. out, run 
i t  into a half-liter flask, fill up, mix well, and employ 
25 cc. of the contents, equal t o  I g. quicklime, for the 
test. Titrate with normal oxalic acid and phenol- 
phthalein as indicator, adding the acid very slowly and 
shaking well after each addition. The color is changed 
when all free lime has been saturated and before the 
CaC03 is attacked. One cc. normal oxalic acid = 
0.02805 CaO.” 

Lunge also give the following method for carbon 
dioxide: “Titrate CaO and CaCOS together by dis- 
solving in an excess of standard hydrochloric acid and 
titrating back with standard alkali. By deducting the 
CaO estimated as above the quantity of CaC03 is 
obtained.” 

B Y  SUCROSE soLuTIoh.-Guilford L. Spencer gives 
the following method for determining the calcium 
oxide in quicklime in his “Handbook for Cane Sugar 
Manufacturers.” As this method is related t o  the 
industrial process in which lime is used in sugar manu- 
facture i t  is presumably especially applicable t o  testing 
lime a t  the sugar works. 

“Add sufficient water (30 cc.) to  I O  g. of lime, 
in a mortar, to  form a thick milk. Add an excess of 
pure sucrose in the form of a solution of 35-45’ Brix 
and mix i t  intimately with the lime, which forms a 
soluble saccharate. Transfer the solution and residue 
t o  a 100-cc. flask, using a sugar solution of the above 
composition to  wash the last portions from the mortar 
and to  complete the volume to  100 cc., mix and filter. 
Titrate IO cc. of the filtrate with a normal solution of 
hydrochloric acid using phenolphthalein or lacmoid 
as an indicator. The burette reading X 0.028 = the 
weight of calcium oxide (CaO) in I g. of the lime, and 
X IOO = percentage of calcium oxide.” 

SOLVAY METHOD-The following method was de- 
vised by the chemists of the Solvay Process Co. and is 
very reliable. For carrying i t  out a special flask shown 
in Fig. I will be needed. Boil 4 g. of the lime ground 
t o  pass a Ioo-mesh sieve in a 250-cc. Erlenmeyer flask 
for a few minutes with a little (60  cc.) water t o  thor- 
oughly disintegrate i t .  

After cooling, transfer t o  the lime bottle (Fig. I) 
filling up t o  the lower mark (129 cc.) with water, then 
t o  the upper mark (178.6 cc.) with ammonium chloride 
solution made by dissolving z j o  g. of crystallized 
ammonium chloride in a liter of water. 

Mix thoroughly by inverting about 30 times. Do 
not mix afterwards or results will be too high. 

Let settle from 1 5  t o  20 minutes, draw out 50 cc. of 
the clear liquid with a pipette and deliver with stirring 
into a slight deficiency of normal hydrochloric acid 
and about 150 cc. of water. 

For 90 per cent lime, deficiency is 30 cc. normal 
hydrochloric acid. 

For 6 5  per cent lime, deficiency is 2 0  cc. normal 
hydrochloric acid. 

Titrate to  the end-point using methyl orange as in- 
dicator. 

The number of cc. of normal hydrochloric acid 
times 2.5 gives the percentage of active (available) CaO. 

HYDROXIDE-The chemists of some plants in which 
lime is used t o  causticize soda employ a method making 
use of this reaction. 

Weigh 5 g. of the sample into a 500-cc. graduated 
flask and add 2 0 0  cc. of approximately normal sodium 
carbonate, or IO g. of sodium carbonate and zoo cc. of 
water. Close with a stopper having a Bunsen valve 
in i t  or a 6-in. tube drawn out t o  a thin point and boil 
for one-half hour. Add I O  g. of barium chloride dis- 
solved in a little water and make up t o  the mark with 

BY CONVERTING SODIUM CARBONATE T O  S O D I U Y  

The method is as follows: 

l 7 D . C  

lE3.1 

~ I 

e.1“- 

FIG. I 

cold water. Stopper tightly and mix well. Allow pre- 
cipitate of calcium carbonate and barium carbonate to 
settle. Draw off IOO cc. of the clear solution and ti- 
trate with normal hydrochloric acid. The number oE 
cc. of acid used multiplied by 2 . 8  is equivalent t o  the 
percentage of free calcium oxide in the sample. 
ESTIMATION O F  THE P E R C E N T A G E  O F  CAUSTIC L I M E  

I N  M I L K  O F  LIME BY M E A K S  O F  THE SPECIFIC  
GRAVITY (BLATTNER) 

The method devised by Blattner making use of the 
specific gravity of milk of lime which is only suitable 
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for very rough work is also given in Lunge’s Handbook 
and is as follows: Thin milk of lime is poured into the 
cylinder and the reading of the hydrometer is taken 
quickly before the lime subsides. For thick milk of 
lime employ a somewhat wide cylinder, put the hydrom- 
eter in without using any force and turn the cylinder 
slowly around, so tha t  i t  receives a slight shaking until 
the hydrometer ceases to  sink. The following table 
is valid for 15’ C.: 

TABLE 11-AMOUNT OF LIME IN MILK OF LIME 
(Calculated from Blattner) 

Degrees G. CaO Lbs CaO Degrees G. CaO Lbs. CaO 
Twaddell per liter per cu. f t .  Twaddell per liter per cu. f t .  

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 

11.7 
24.4 
37.1 
49.8 
62.5 
75.2 
87.9 

100 
113 
126 
138 
153 
164 

0 . 7  
1 . 5  
2.3 
3 .1  
3 .9  
4.7 
5.5 
6 .3  
7 .1  
7.9 
8.7 
9 .5  

10.3 
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28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
5 0. .. 

177 
190 
203 
216 
229 
242 
255 
268 
281 
294 
307 
32 1 . .  

11.1 
11.9 
12.7 
13.5 
14.3 
15.1 
15.9 
16.7 
17.6 
18.4 
19.2 
20.0 . .  
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Determinations of potash have been made in America 
for the past thirty years by a method first proposed 
by Lindol in 1881 and modified by Gladding2 in 1885. 
The Lindo-Gladding method is familiar to  every chem- 
ist and does not need repetition here; i t  has been 
adopted by the  Association of Official Agricultural 
 chemist^.^ “The process depends upon the fact tha t  
potassium platino-chloride is insoluble in strong al- 
cohol, and the easy solubility of the associated salts, 
for instance sodium, in the same reagent.”4 In this 
method th’e earthy bases have to  be removed before 
precipitating the potash, necessitating the addition 
of reagents and their subsequent removal by precipi- 
tation and filtration, which does not contribute to  
the ease or the accuracy of the determination. 

The fertilizer manipulators have contended that  
the Lindo-Gladding method does not account for all 
of the water-soluble potash. Likewise, i t  has been 
recognized by certain chemists tha t  this method does 
not obtain all of the One of us7 has shown 
tha t  there are grounds for the manipulators’ conten- 
tions tha t  our present method of analysis does not 
account for all of the potash present in water-soluble 

1 “Original Method for Potash Determination,” Chem. News,  44 (1881), 
77. 86. 97. 129. 

2 “Improvement on Lindo ,Method,” U. S. Dept. of Agr., Div. of 

a A. 0. A. C., U. S. Dept. of Agr., Bureau of Chemistry, Bull. 107. 
4 Wiley, “Principle and Practice of Agriculture Analysis,” 11 (1895), 

5 Lunge’s “Technical Methods of Chemical Analysis,” Par t  11, 1 (1908), 

6 Hintz and Weber, Chem. Anal. Anorg., 1896; Kdrper, Z. anal. Chem.,  

1 Keitt, “Potash in Mixed Fertilizers,” South Carolina Agricultural 

Chem., Bull. 1885, 7, 38. 

540, 554, 555, 570. 

526. 

S5, 685. 

Experiment Station, Bull. 173 (19131, 11. 

form, and that  there is another source of error which 
compensates for the occlusion. The second source 
of error is the diminished volume of the solute due t o  
the volume occupied by the precipitates formed on 
addition of ammonia and ammonium oxalate. Breck- 
enbridge,’ Porter and Kenny,2 Bell,3 and Shiver4 
have studied certain errors occurring in the official 
method, laying particular stress on occlusion and the 
solubility of the precipitate. Wiley5 calls attention 
t o  “The remarkable facility with which potash be- 
comes incorporated with the precipitates of other 
bodies.” E-Iibbard6 states that  occlusion “may amount 
t o  from I t o  IO per cent of the original amount of 
the potash.” Garrigues7 in reporting a new modi- 
fication gives some good results on the discrepancies 
of the official method, showing among other things 
tha t  the loss from occlusion varied from 0.11 t o  0 . 2 0  

per cent on six samples run by him. One of us5 has 
found tha t  more than 0.5 per cent of potash was 
occluded by the ammonia precipitate in certain samples. 

Robinsons and Wintong have studied the character 
and magnitude of certain errors in this method, and 
the influence of concentration on the accuracy of the 
determination, with startling results. Smithlo in a 
general discussion on occlusion remarks,  LA^ is well 
known, many insoluble compounds which are precipi- 
tated in the course of analytical processes possess the 
property of carrying down and retaining certain soluble 
salts in such a manner that  the latter oftentimes can- 
not be removed, even by prolonged washing.” 

Chemists, realizing the need of an improved method, 
have suggested many processesll none of which have 
shown sufficient merit t o  replace the Lindo-Gladding 
method. The perchlorate method received special 
attention, and for a time threatened t o  replace the 
Lindo-Gladding method, but the latest results may be 
summarized as follows: “The perchlorate method 
for the determination of potash was found less suitable 
than the platinum method. I t  is longer, more difficult 
and more expensive as  to   reagent^."^ 

A method based on the principle of moist combus- 
tion was proposed by DeRoode12 in 189; and modified 
by Vietch13 in 1905, who says, “ I t  is unfortunate tha t  
more attention has not been called t o  the method 
of Moore14 (DeRoode) for in i t  many of the preliminary 
operations are omitted and i t  is a t  once the simplest 

1 “Potash Tests in Mixed Fertilizers,” THIS JOURNAL, 1 (1909), 409; 

2 “Loss of Potash in Commercial Fertilizers,” Ibid., 1 (1909), 304. 
3 “The Estimation of Potash,” Chem. News, 79 (1899), 135. 
4 “The Determination of Potash as  Perchlorate,” Ibid. ,  79 (1899), 

5 Loc L i t .  

8 “A Study of Determination of Potash,” THIS JOURNAL, 9 (1916), 

7 “The Determination of Potash in Manures,” J .  A m .  Chem. Soc., 17 

8 “Some Sources of Error,” Ibid. ,  16 (1894), 634 
9 “On Some Conditions Affecting, etc ,” I b z d ,  17 (1895), 453. 

10 “Contamination of Precipitates in Gravimetric Analysis,” 1917. 
$ 1  Hicks, “A Rapid Modified Chlorplatinate Method, etc ,” THIS JOUR-  

12 “The Determination of Potash in Kainite,” J A m .  Chem. Soc., 17 

18 “The Estimation of Potash in Soils, etc ,” Ib id  , 27 (1905), 56. 
14 “On the Determination of Potash, etc ,” I b i d ,  20 (1898), 340. 

“Potash Tests in Commercial Fertllizers,” I b z d . ,  1 (1909), 804. 
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